The cholecystokinin gene (CCK) is thought to play a role in the pathogenesis of both panic disorder 1-4 and schizophrenia.
Panic disorder is a common and genetically complex mental illness, characterized by recurrent and unexpected panic attacks. It exhibits a lifetime prevalence rate of between 1.2/100 to 2.4/100 in the general population. 6 Family studies have consistently shown a higher prevalence ranging from between 7.7% to 20.5% in first-degree relatives of probands. 6 Twin studies have shown concordance rates of 25% for MZ twins and 10% for DZ twins, 7 suggesting a genetic component in the development of this disease.
The carboxy terminal tetrapeptide of CCK (CCK-4), expressed in the brain, is thought to act as a neurotransmitter and/or neuromodulator. It provokes panic attacks in subjects with panic disorder and normal controls, 1, 2 with panic disorder patients having a higher sensitivity to CCK-4 than controls. 3 The panicogenic effect of CCK-4 is inhibited by antagonists of the CCK B receptor 4 which constitutes a large proportion of the CCK receptors in the human brain. 8 These findings have intensified research into elucidating the role of CCK in panic disorder.
CCK-like peptides, mainly the carboxy terminal octapeptide of CCK (CCK-8), co-localize with dopamine in mesolimbic dopaminergic neurons. 9 In humans, CCK-8 is reported to have an anti-psychotic effect, 5 inferring a possible role in the pathology of schizophrenia.
Two groups simultaneously reported a single nucleotide polymorphism (SNP), −36CϾT in the 5Ј-upstream region of the CCK gene. 10 , 11 Wang et al 10 showed that the −36T allele was weakly associated with subjects manifesting panic attacks (P Ͻ 0.05) but not with panic disorder. In a case-control study of schizophrenia samples, Bowen et al 11 found no association between this SNP and the disease.
Since no functional polymorphisms had been reported in the coding exons, and the published 5Ј-regulatory sequence of the CCK gene was incomplete, we first extended the 5Ј-upstream region to −2.3 kb from the transcription start site and screened this sequence for polymorphisms. Examining the potential regulatory sequences in the region −700 to +130 bp from the start site, revealed three SNPs, −36CϾT, −188AϾG and −345GϾC. The SNP −188AϾG, corresponds to −196GϾA, whilst SNP −36CϾT, corresponds to −45CϾT, in the report by Fujii et al. 12 The third SNP, a novel G to C transversion at nt −345 (Figure 1 ), was found in one heterozygous sample. Since this polymorphism was rare (allele frequency, 1/72 = 0.01), it was not included in subsequent association studies. Several differences exist between the 5Ј-sequence obtained in this study and that determined by Takahashi et al. 13 Our sequence showed additions of a cytosine, guanine and cytosine at positions −43, −211 and −368, respectively. A thymidine between residues −128 and −127, and a guanine between residues −183 and −182 were not present in our sequence.
Analysis of the −36CϾT polymorphism showed that neither genotypic nor allelic distributions were different between panic and control subjects (P = 0.22 and 0.32, respectively) (data not shown). The same analysis showed no difference between schizophrenia and con- Figure 1 The structure and sequence of the 5Ј-upstream region of the CCK gene determined from one sample. The position of the novel short tandem repeat (STR) complex, its polymorphic constituents, and the positions of the three single nucleotide polymorphisms are shown. There are six polymorphic repeat units in the STR, and in this study the following permutations of each repeat number were detected: n1 = 9, 12, 13, 16; n2 = 2, 3; n3 = 8, 9, 10, 11; n4 = 0, 1; n5 = 0, 1; n6 = 10, 11, 14, 15. The sequence presented in this figure shows, n1 = 16, n2 = 2, n3 = 11, n4 = 1, n5 = 1 and n6 = 11. Genbank Accession No. AF274749 represents sequence from n1 = 16, n2 = 2, n3 = 11, n4 = 0, n5 = 1 and n6 = 11. p1-p6: the PCR primers used to amplify previously specified regions.
trol groups (P = 0.93 and 0.72, respectively) (data not shown). The genotypic and allelic analyses of the −188AϾG showed no significant differences between panic patients and controls (P = 0.38 and 0.18, respectively), or between schizophrenics and controls (P = 0.51 and 0.54, respectively) (data not shown).
The short tandem repeat (STR) complex was located between 1.8 to 2.2 kb upstream from the cap site. It was comprised of several different types of repeat units, generating polymorphic lengths derived from a variation in the number of the following tetranucleotide repeats:-(GGAA) n , (GGAG) n , (GGGA) n , and (AGAC) n ( Figure 1 ). Genotypic analysis detected 10 different lengths of allele in this STR, varying from 363 to 399 bp ( Figure 1 and Table 1 ). 14 An association study using the polymorphic STR alleles showed a significant difference in the distributions between panic and control subjects (P = 0.025: Monte-Carlo simulation with collapsing columns of small expected values together 14 ) ( Table 1 ). The alleles of 379 bp and 383 bp were more frequently represented in panic disorder than in controls. In accordance with these findings, the STR alleles were divided into three classes according to length: short (S) (363-375 bp), medium (M) (379-383 bp) and long (L) (387-399 bp) ( Table 2 ). Analysis described later in this paper, suggests that this classification may have a genetic rationale, since the grouped alleles are in linkage disequilibrium with neighboring SNPs. The genotypic distributions of these three categories were signifi- cantly different between panic and control groups (P = 0.0036; after Bonferroni's correction, P = 0.01) ( Table  2 ). The OR for the M/M genotype vs the rest was 2.54 (P = 0.0014, 2 = 10.2, df = 1, 95% CI = 1.43-4.53). Allelic distributions were also significantly different between the two groups (P = 0.0059; after Bonferroni's correction, P = 0.02) ( Table 2 ). In contrast, there were no differences in genotypic or allelic distributions between schizophrenic and control samples (Tables 1  and 2 ). The genotypic distribution of the classified STR allelles did not deviate from the Hardy-Weinberg equilibrium in either panic, schizophrenia or control samples (P = 0.15, 0.19 and 0.79, respectively).
Linkage disequilibrium (LD) analysis of the −188AϾG and −36CϾT loci showed strong LD in panic (DЈ = 1.0), schizophrenia (DЈ = 0.99) and control samples (DЈ = 0.91) ( Table 3) . P-values are calculated from estimated haplotype frequencies.
Molecular Psychiatry
Significant LD existed between the three STR allele categories and each of the −188AϾG and −36CϾT SNPs (Table 4) . This result provides a genetic basis for the classification of the 10 STR alleles into three groups.
A comparison of the haplotypes defined by the STRs and the SNPs, −188AϾG and −36CϾT, showed that the distributions differed significantly between panic and control groups (P = 0.0003) ( Table 4 ). The haplotype consisting of the STR M class, −188G and −36T was significantly more frequent in panic than control groups (P = 0.01, 2 = 10.8, df = 1). The haplotypic distributions between schizophrenics and controls showed a significant difference (P = 0.02) ( Table 4) , but no single haplotype appeared to be significantly more frequent in schizophrenics than in controls.
Genetic analysis using either the −36CϾT or −188AϾG polymorphism showed no association with Haplotype distributions were significantly different between panic and control groups, and between schizophrenia and control groups.
panic disorder, although there was significant LD between the STR and each SNP marker. The size of this panic sample may not have been large enough to detect an association with these markers, particularly if they are not in strong LD with the causal variant. The significant over-representation of the haplotype containing the M class allele of the STR in panic patients may indicate a predisposing allele in the genomic region of this novel STR. Kennedy et al 15 reported no association of the −36CϾT with panic disorder. Wang et al 10 found a weak association of the −36T allele with subjects suffering from panic attacks, but not with panic disorder. The provisional result of Wang et al's study 10 is interesting, because the −36T and the M class allele of the STR are in LD with each other in this study. The −36CϾT polymorphism is unlikely to be etiologic in spite of its location in a putative Sp-1 binding motif, because Hansen et al 16 recently reported that the −36C to T mutation had no effect on transcriptional activity in vivo.
Several examples of repeat polymorphisms in 5Ј-regulatory regions affecting susceptibility to neuropsychiatric traits have been described in the literature. In the serotonin transporter gene, a variable number of tandem repeats (VNTR) are located approximately 1 kb upstream from the transcription initiation site, and the polymorphic length of the VNTR is associated with anxiety-related traits 17 and other diseases including schizophrenia. 18 The monoamine oxidase (MAOA) gene contains a VNTR located 1-1.2 kb upstream of the transcription initiation site. 19 This VNTR consists of a 30-bp repeated sequence present as either 3, 3.5, 4, or 5 copies. Sabol et al 20 reported that the medium-sized alleles (3.5 or 4 copies) are transcribed between two and 10 times more efficiently than alleles with 3 or 5 copies of the repeat. This functional repeat polymorphism in the MAOA gene has been shown to contribute to the pathogenesis of panic disorder. 21 The association between the 5Ј-upstream polymorphisms of CCK gene and schizophrenia was not detected in this study, even though four times as many samples were analyzed when compared to panic patients. These results are consistent with those of Bowen et al.
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The newly described STR in the 5Ј-upstream region of CCK and the strong association between polymorphisms within this STR and panic disorder suggest that a susceptibility variant for this disorder may lie in the vicinity of the STR. The present results were obtained using Japanese subjects. Although they represent an ethnically isolated group, they should be examined for sample stratification as proposed by Pritchard and Rosenberg. 22 The study warrants further genetic analysis in different population samples, and functional studies to determine whether a differential enhancerlike effect is induced by the polymorphic length of the STR.
Methods

Samples
The diagnoses of panic disorder and schizophrenia were based on DSM III-R 23 and DSM-IV, 24 respectively. The patients were diagnosed by consultation, requiring the consensus of at least two experienced psychiatrists. Panic patients consisted of 40 males, aged 22-80 years (mean age 43.2 ± 12.5) and 33 females, aged 22-60 years (mean age 37.8 ± 12.7). Schizophrenic patients consisted of 173 males, aged 18-80 years (mean age 45.6 ± 12.5) and 132 females, aged 21-76 years (mean age 46.4 ± 13.6). Control subjects were recruited from hospital staff documented to be free of psychoses, and company employees who showed no evidence of psychiatric problems during brief interviews by psychiatrists. They included 133 males (mean age 41.9 ± 10.6) and 120 females (mean age 44.9 ± 14.9). The present study was approved by the Ethics Committees of both RIKEN and Tokyo Medical and Dental University, with all participants giving informed consent. Genomic DNA was isolated from leukocytes using a DNA extraction kit (Stratagene, La Jolla, CA, USA).
Extension of the 5Ј-upstream sequence and the discovery of a polymorphic short tandem repeat (STR) complex
Nielsen et al 25 showed that the correct transcription start site of the CCK gene was located 9 bp upstream from the site originally reported by Takahashi et al. 13 We have employed a numbering system in which the former site is designated +1. We have extended the 5Ј-flanking sequence approximately 2.3 kb beyond the previously reported 377 bp from the cap site, using the GenomeWalker kit (Clontech, Palo Alto, CA, USA) and consecutive PCR amplifications of genomic fragments. A polymorphic STR complex was located approxi-mately −1.8 to −2.2 kb from the cap site (Figure 1 ). PCR fragments were directly sequenced using the BigDye Terminator cycle sequencing kit (PE Applied Biosystems, Norwalk, CT, USA) and an ABI 377 DNA sequencer (PE Applied Biosystems). Amplicons containing heterozygous STR stretches were subcloned into a TA vector (Invitrogen, Carlsbad, CA, USA) and then sequenced.
Screening for polymorphisms within the promoter region
The 5Ј-flanking region and potential promoter sequence site was screened for additional polymorphisms. Genomic fragments from 36 randomly selected panic samples were amplified, using two primer pairs: (1) upstream primer (p1), 5Ј-AAGCTTCTCGGACCCA GAGG (5Ј end at nt −233), and the downstream primer (p2), 5Ј-GGGCACAAAGCTGAAGACAG (5Ј end at nt +147); (2) upstream primer (p3), 5ЈAACCGGA TTCCTCTGAGCAAAACC (5Ј end at nt −720), and the downstream primer (p4), 5ЈCCACTGGGGCGACAACC (5Ј end at nt −111) (Figure 1 ). Both PCR reactions were performed using the Expand Long PCR system (Buffer 1) (Roche, Mannheim, Germany) and the GeneAmp PCR system 9700 thermocycler (PE Applied Biosystems) with the cycling profile of an initial denaturation at 94°C for 1 min, followed by 30 cycles of 94°C for 15 s, 63°C for 30 s and 68°C for 1 min, and a final extension of 68°C for 5 min.
Genotyping of the STR in the 5Ј-upstream region
To amplify the STR complex, a fluorescently labeled upstream primer (p5), 5Ј-ATGCCACTGTACTCCA GCCTG (5Ј end at nt −2204) and a non-labeled downstream primer (p6), 5Ј-CCAGAGCTTCTAATTCAGTAG (5Ј end at nt −1713), were used ( Figure 1) . PCR was performed with an initial denaturation at 94°C for 1 min, followed by 25 cycles of 97°C for 10 s, T°C (annealing temperature) for 30 s and 72°C for 30 s, and a final extension at 72°C for 10 min, using Pyrobest DNA polymerase (Takara, Tokyo, Japan) and MasterAmp KN buffer (Epicentre Technologies, Madison, WI, USA). The annealing temperature (T) was 62°C in the first cycle and lowered 1°C per cycle for the next nine cycles, and then fixed at 52°C for the last 15 cycles.
PCR products were analyzed using an ABI 377 sequencer equipped with GeneScan software (PE Applied Biosystems). Alleles with different lengths were subcloned then sequenced.
Genotyping of the −36CϾT and −188AϾG polymorphisms SNPs were genotyped by direct sequencing of PCR products amplified using the upstream primer p1, and the downstream primer p2 (Figure 1 ), as described in the previous section.
Statistical analyses
Differences in genotypic, allelic and haplotypic distributions were assessed by the Monte-Carlo method Molecular Psychiatry using the CLUMP program 14 with 10 000 simulations. P-values were calculated from the tables in which columns with small expected values were collapsed together. Odds ratios (OR) with a 95% confidence interval (CI) were estimated for the effects of high risk genotypes and alleles. Tests for Hardy-Weinberg equilibrium, the calculation of linkage disequilibrium (LD) between two loci, and the estimation of haplotype frequencies were carried out using Arlequin software. 26 The newly determined 5Ј-upstream sequence of the CCK gene has been deposited into GenBank under the accession No. AF274749.
